In this paper, a new method on constructing analytical potential energy functions is presented, and from this a analytical potential energy function applied to both neutral diatomic molecules and charged diatomic molecular ions is obtained. This potential energy function includes three dimensionless undetermined parameters which can be determined uniquely by solving linear equations with the experimental spectroscopic parameters of molecules. The solutions of the dimensionless undetermined parameters are real numbers rather than complex numbers, this ensures that the analytical potential energy function has extensive universality. Finally, the potential energy function is examined with four kinds of diatomic molecules or ions-homonuclear neutral diatomic molecule 
INTRODUCTION
Analytical potential energy functions are of great significance in the study of material science, molecular spectrum, reaction dynamics of atoms and molecules, vibrational and rotational energy-level structures of molecules, interactions between laser and matter, photoionization etc. [1] [2] [3] Due to the importance and extensive applications of the potential energy function, the corresponding research works have been carried on all along [4] [5] [6] . So far, the representative analytical potential energy function proposed have Morse potential [7] , Rydberg potential [8] , Murrell-Sorbie potential (M-S) [9] and Huxley-Murrell-Sorbie potential (HMS) [10] etc.
Recently, Sun Weiguo et al have proposed an energy consistent method (ECM) and constructed a new physically well behaved analytical potential function of a diatomic system called ECM potential [11] . These potential functions above have merits and defects respectively, they are valid in describing the behaviors of some individual or classificatory diatoms and molecules. But none of them can describe both neutral diatomic molecules and charged diatomic molecular ions and describe precisely the behaviors of potential energy function over the whole range of internuclear distance. Seen from expressional forms, most of these potential energy functions adopt the forms of ploynomial and exponential. In this paper, a cosine function with a phase factor is used as basic potential energy function and, through renormalization to the phase factor, a universal potential energy function applied to four kinds of diatomic molecules or ions -homonuclear neutral diatomic molecules, homonuclear charged diatomic molecular ions, heternuclear neutral diatomic molecules and heternuclear charged diatomic molecular ions is given. Finally, the potential energy function is examined with twelve different kinds of diatomic molecules and ions etc., as a consequence, good results are obtained.
FUNDAMENTAL SUPPOSITIONS, AND DERIVATION OF A UNIVERSAL ANALYTIC POTENTIAL FUNCTION
Suppose that the potential function of diatomic molecular satisfies the following relation
where ( ) arccos( / ) r r
where, B A, are undetermined constants, ) (r phase factor related to  ,  and the internuclear distance r , here  is equivalent phase difference between two interacting atoms,  is equilibrium internuclear distance. Substituting Eq.2 into Eq.1, yields
Eq.3 is a basic analytical potential energy function. In order to obtain the universal analytical potential function of diatomic molecules and ions, renormalization should be needed for the term 
Here, Eq.4 is a infinite series, it need to be truncateed into finite terms and its following infinite terms should be absorbed into three undetermined coefficients , , a b c , so from Eq.4, we have
Generally, the potential energy function satisfies asymptotic condition lim ( ) 0 r V r   ,so from Eq.3
Substituting Eq.5 and Eq.7 into Eq.3, and notice
In Eq.8, the undetermined constant A can be determined according to the properties of potential energy function. At the equilibrium distance 
From Eq.9 and Eq.10, the solutions of A and  cos can be given as follows
Substituting Eq.11 and Eq.12 into Eq.8, yields
Eq.13 is the universal analytical potential energy function that is required. 
USING EXPERIMENTAL SPECTROSCOPIC PARAMETERS TO DETERMINE a,b,c
The undetermined parameters , , a b c can be determined with the experimental spectroscopic parameters ( 
where
From Eq.17 and Eq.18, when 3 , 2 , 1  n , the following linear equations can be obtained 
In Eqs.19-21, the relationships between force constants and spectroscopic parameters are as follows . Calculations show that the conditions above are always tenable in general. This ensures that the analytical potential function Eq.13 has extensive universality, which can describe any of diatomic molecules and ions especially the behaviors of molecules near equilibrium internuclear distance. So far, the most extensively used analytical potential energy function is Murrel-Sorbie (M-S) potential. The undetermined parameters in Murrel-sorbie potential which are determined by experimental spectroscopic parameters have no unique solutions and contain complex number solutions. Thus, the M-S potential is extremely limited in applications to some diatomic molecules and ions. [12] 
APPLIED EXAMPLES OF THE UNIVERSAL ANALYTICAL POTENTIAL ENERGY FUNCTION
For examining potential energy function Eq.13, fifty kinds of neutral diatomic molecules and charged diatomic can be given by using the potential energy function determined with experimental spectroscopic parameters. The experimental spectroscopic parameters of Table 2 . The potential energy curves (to be calculated and plotted by using Eq.14 and Eq.16 directly with Origin 7.0 software) plotted by Eq.14 and Eq.16 of 
The relationships between undetermined parameters of M-S potential and force constants are as follows 
5．CONCLUSIONS
In this paper, we first introduce the phase concept to the studies of analytical potential energy functions and get good results. This shows that the method of constructing analytical potential energy function by means of phase is effective and reliable. Compared with other potential energy functions, the potential energy function given in this paper has two merits: 1) The undetermined parameter equations determined by experimental spectroscopic parameters are linear equations. Because these linear equations have unique real number solutions, so this potential energy function has a extensive universality; 2) This potential energy function can describe four different kinds of diatomic molecules or ions-homonuclear neutral diatomic molecules, homonuclear charged diatomic molecular ions, heternuclear neutral diatomic molecules and heternuclear charged diatomic molecular ions; In addition, This potential energy function can also describe accurately the behaviors of potential curves over a fairly wide range of internuclear distance. Potential energy functions of diatomic molecules are the basis to the studies of multi-atomic molecules, ions and clusters, which have extremely significances and applied values in the study of material science, molecular spectrum chemical reaction etc. Chemical reaction, molecular collision and many other problems need precise analytical potential energy functions. Thus, the studies of analytical potential energy function will still be important subject in atomic and molecular physics.
